Drought stress negatively affects plant photosynthesis and disturbs the electron transport activity. Evaluation of the chlorophyll luorescence parameters might relect inluence of the environmental stress on plants and can be applied as an indicator of the primary photochemistry of photosynthesis. In current study the effect of foliar application of benzylaminopurine (BAP, a synthetic cytokinin) and abscisic acid (ABA) on chlorophyll luorescence parameters of relatively drought tolerant (Pishtaz) and susceptible (Karaj3) bread wheat genotypes under well watered and terminal water deicit condition have been evaluated. Terminal drought was induced by withholding water at anthesis stage (zadoks scale 65). Results showed that coeficient of non-photochemical quenching of variable luorescence (q N ), quantum yield of PS II photochemistry (Φ PSII ) and photochemical quenching (qP) were affected by hormone spray treatments. So that evaluation of parameters at 7 day after foliar treatments revealed that ABA signiicantly increased electron transport rate (ETR) and q N while considerably decreased Φ PSII , g s and maximum quantum yield of photosystem II (F v /F m ). However exogenous application of cytokinin could increase g s , F v /F m and Φ PSII and the highest value of these parameters was recorded in cytokinin treated plants of Pishtaze cv. under well watered condition. Nevertheless, evaluation of the parameters in different periods after spraying showed that with approaching the maturity stage some traits like as g s , Fv/Fm and ETR signiicantly decreased in both genotypes. Evaluation of g s and Chlorophyll luorescence parameters of genotypes between different irrigation levels showed that although cv. Pishtaz showed
INTRODUCTION
Bread wheat (Triticum aestivum L.) is the most important staple food for the 35% of the world ּs population (FAOSTAT, 2012) . Like some other crops, wheat is subjected to many environmental stresses, which reduce yield and affect yield stability. Drought is a major abiotic stress that severely affects crop production worldwide. Up to 44% of all the world's cultivated systems are in the drylands and they often have low productivity. In these regions imbalances between water availability and plant demand lead to drought stress, especially at late growth stages. In most semiarid areas there is an expected precipitation decrease over the next century of 20% or more due to climatic change. Interestingly, only 20% of the world's croplands are irrigated, but they produce 40% of the global harvest meaning that irrigation more than doubles land productivity (13) . In Mediterranean areas, wheat and barley are often the only possible rainfed crops that farmers can grow, and is often subjected to water deicit at the end of growth season. Terminal drought occurs in the Mediterranean-type climates because they are dependent on rainfall throughout autumn and winter and during the last months of spring, rainfall decreases and evaporation increases when plants enter their key growth stages that affect yield determination.
Photosynthesis is an essential process to maintain crop growth and development, and it is well known that photosynthetic systems in higher plants are most sensitive to drought stress (Falk et al. 1996) . Terminal drought can result in signiicant reduction of leaf photosynthesis before seed growth initiate and inally leading to decreased grain yield (8) . Inhibition of photosynthesis under water deicit condition may resulted from alternation in ultrastructure of the organelles and concentration of various pigments and metabolites including enzymes involved in this process as well as stomatal regulation. The stomatal control system plays a critical role for managing water deicit under drought, because it response rapidly to small environmental changes to optimize the exchange of water for carbon (14) . In fact stomatal closure is the earliest response to drought and it can be dominant limitation to photosynthesis at mild to moderate drought stress. Although stomatal closure is vital for prevention of desiccation, it reduces the CO 2 acquisition and photosynthetic rate. It has been suggested that stomatal closure under water deicit may occur through two different ways. Hydropassive stomatal control process refers to direct inluence of soil water content on stomatal aperture (9) . While during the hydroactive closure, stomata as osmotically regulated valves exclusively response to plant hormone levels and leads to movement of ions across the guard cell membranes (7) . However it appears that hydroactive and hydropassive stomatal control processes have operated together (14) . Furthermore, declines of the photosynthetic rate under drought stress can be through nonstomatal limitations that caused by impairments in photochemical processes (i.e. decrease in NADPH and ATP supply) and/or biochemical reactions, i.e. reduced RuBP regeneration and carboxylation eficiency (6) . In this context, the application of stomatal conductance (gs) has been proposed as an indicator to assess the difference between stomatal and nonstomatal limitations to photosynthesis under water-limited environments (2) . Despite the importance of gs, this information is not suficient, and supplementary methods are necessary for more accurate and comprehensive evaluating the effects of water stress on photosynthesis. The techniques based on measurement of chlorophyll luorescence appear to be suitable tool for understanding photosynthetic metabolism and thus identify plant performance under water deicit condition . It has been revealed that some chlorophyll luorescence parameters, such as the maximum quantum yield of PS II photochemistry (F v /F m ) and the basal luorescence (F 0 ), correlate with drought tolerance (4) .
Additionally, it has been suggested that exogenous application of some phytohormones (e.g. abscisic acid and cytokinin) create an ability in plants to adapt to drought stresses by mediating a wide range of adaptive responses (25) . Abscisic acid (ABA) can enhance proline biosynthesis and improve the movement of photosynthetic assimilates to the developing seeds. It is known that cytokinin application under abiotic stressful conditions can postpone the leaf senescence directly by scavenging free radicals and increase osmoprotectants content (1; 25) . The role of ABA in the regulation of stomatal opening is partly recognized. However, application of ABA to maize resulted in partial protection of the PSII photochemistry against photoinhibition. This was accompanied with higher photochemical and non-photochemical quenching in ABA-treated leaves, considerable increase in the amount of total carotenoids and xanthophylls and activity of xanthophyll cycle (17) . Conversely there is only scarce information about cytokinins effects on stomatal function and chlorophyll luorescence parameters. It seems that cytokinin can affect chlorophyll luorescence indirectly via non-stomatal effects. It has been revealed that cytokinin has different roles in alleviation of the negative effects of water stress on chlorophyll and carotenoids contents, regulating the photochemical activities of PSI and PSII, adjustment of content and activity of ribulose-1,5bisphosphate carboxylase or phosphoenolpyruvate carboxylase (16) . Although each individual aspect has been studied to some extent, yet an integrated understanding of phytohormones effects on stomatal controls and chlorophyll luorescence remains elusive. In this study, we hypothesised that exogenous utilization of abscisic acid and cytokinin may affect the stomatal behaviour and chlorophyll luorescence parameters in wheat (Triticum aestivum L.) cultivars with different drought tolerance grown under terminal drought. In a glasshouse study, we investigated the effect of spraying a synthetic cytokinin and ABA on the chlorophyll luorescence parameters when the plants were subjected to water deicit condition after anthesis.
MATERIALS AND METHODS
A pot experiment was arranged in factorial based on a randomized complete block design with three replications at greenhouse under well watered and terminal drought stress. The experiment was repeated twice for a total of three replications.
Seeds of wheat (Triticum aestivum L. cv. Karaj3 and Pishtaz) cultivars were obtained from Seed and Plant Improvement Institute, Karaj (SPII). Pishtaz (Adlan/Ias58//Alvand) is a relatively tolerant against terminal-drought stress wheat cultivar and Karaj3 ((Drc*Mxp/Son64*Tzpp-Y54) Nai60) is a drought susceptible bread wheat genotype. Five vernalized seedlings were grown in polyvinyl chloride pots, 20 cm in diameter, and illed to a depth of 34 cm with soil containing a mixture of clay, silt and sand in the ratios of 16%, 36% and 48%, respectively, with an electric conductivity of 1.63 dS.m -1 and pH 7.2. The concentrations of total N, P, and K were 0.08%, 22.9 mg kg -1 , and 181 mg kg -1 , respectively.
The plants were grown in glasshouse with natural light and day/night temperatures of 28/19°C. Greenhouse was cooled using fan-pad system. Supplementary light was provided in the greenhouse for 16h per day. The positions of the pots in the glasshouse were changed every 2 days to ensure that all plants experienced the same range of conditions. All of the pots were also watered every two days by hand to maintain the soil water content close to ield capacity (FC) through the daily weighting pots until anthesis stage (zadoks scale 65), when terminal drought was induced by withholding water from half of the pots. FC of the soil was measured at Agriculture College soil laboratory on gravimetric basis (Nachabe, 1998) and 100 and 40% of FC in the soil were considered as wellwatered and drought condition, respectively.
When plants were at the initial stage of grain formation (zadoks scale 71), the pots of each cultivar were randomly divided into 3 groups. First group were sprayed with 6-benzylaminopurine (BAP, a synthetic cytokinin) with concentration of 50×10 -6 M. The second group were sprayed with 25×10 -6 M ABA. Both hormones were sprayed continuously for 4 consecutive days at the rate of 50 ml per pot on the leaves and spikes daily for 4 days with 0.5% (v/v) Teepol as surfactant. The plants sprayed with the same volume of 0.5% Teepol solution were taken as a control (as third group). Exogenous application of plant growth regulators were carried out according to method described by Yang et al. (27) . Plant growth regulators were obtained from Sigma Chemical Company. Phenological monitoring was made at 3-day intervals and the phenological stage was considered when 50% of the plants had achieved the speciic stage.
Chlorophyll luorescence was measured in fully expanded attached lag leaves (In vivo measurements) from all phytohormone treatments and drought levels. During the grain illing period lag leaf (irst upper leaf) is the potentially eficient photosynthetic organ in wheat. After 7 and 14 days from the last day of phytohormone spraying (T 1 and T 2 , respectively), ive lag leaves from both well-watered and drought-stress conditions for each cultivar were chosen to evaluate chlorophyll luorescence parameters. Fluorescence test performed by the pre-darkening (dark adaptation) of the leaf followed by short exposure to a saturating light intensity. Plants were pre-darkened for 1 hour and Chlorophyll luorescence was measured using a pulse amplitude modulated (PAM-2000) HAMID MOHAMMADI, MOHSEN JANMOHAMMADI, NASER SABAGHNIA Pobrane z czasopisma Annales C -Biologia http://biologia.annales.umcs.pl Data: 08/11/2019 17:44:44 U M C S portable luorometer (Walz, Effeltrich, Germany) connected to a notebook computer. Saturating pulses of white light (duration 700 ms, 2500 μmol m -2 s -1 ) were applied.
Three parameters of luorescence including Fv/Fm (maximum photosystem II quantum yield of dark-adapted samples), Y (quantum yield) and qP (photochemical quenching) were calculated online by PAM luorometry and the saturation pulse method. The ratio between variable and maximal luorescence (F v /F m ) was measured in dark-adapted leaves. The ratio of variable to maximum luorescence (F v /F m ) derived from the measurement was used as maximum photochemical eficiency of photosystem II (PS II). The quantum yield of electron transport through PS II (Y) was calculated according to Genty et al. (15) . Electron Transport Rate (ETR) that was used as a function of the quantum yield and illumination, was calculated as formula described by Brestic and zivcak (6) . Coeficient of non-photochemical quenching of variable luorescence (q N ) was estimated as the following formula: [(F m -F m΄ )/ (Fm-F 0΄ )], where F m΄ is maximum luorescence from light-adapted leaf and F 0΄ is minimal luorescence from light-adapted leaf. Quantum yield (eficiency) of PS II photochemistry (Φ PSII ) was calculated as the following formula:
where F s΄ is steady-state luorescence at determined light level. Leaf stomatal conductance (g s ) was measured using a portable porometer (Delta-T AP4, England). Ten intact lag leaves were selected for the measurements. Principal component analysis and graphical display were performed using Statgraphics and SAS 9.1 software. The data was analyzed statistically using Fisher's analysis of variance technique and then Duncan multiple range tests (p < 0.05) were performed using the SAS statistical analysis package.
RESULTS AND DISCUSSION
Analysis of variance (ANOVA) is shown in Table 1 . ANOVA is a collection of statistical models used in order to analyze the differences among variables treatments and is useful in comparing variables for statistical signiicance. Analysis of variance showed that F v /F m signiicantly was affected by the measurement stage, phytohormone spraying, irrigation level and cultivars (Table 1) . Terminal drought stress signiicantly reduced the Fv/Fm. The highest value was recorded in cv. Pishtaz under well watered condition. Foliar application of the ABA reduced Fv/Fm over control. However, mean comparisons revealed that the highest F v /F m parameter was related to irst measurement stage (7 days after the last spray) in cv. Pishtaz sprayed by cytokinin under well watered condition, whereas the lowest value was recorded in ABA treated plants of cv. Karaj3 under moderate drought at T 1 stage. However, concise comparison of the Fv/Fm with other chlorophyll luorescence parameters showed that maximum quantum yield of Photosystem II is much more responsive to treatments. Although exogenous application of cytokinin increased Fv/Fm parameter in both genotypes, this increase was signiicantly higher in drought tolerant cultivar (cv. Pishtaz). However, Vlčková et al. (26) reported that cytokinin application under light condition initially induced assimilate production and accumulation in the detached leaves; however, this accumulation led paradoxically to the deterioration of photosynthetic function via feedback inhibition in later stages of artiicial senescence. The reason for doing an ANOVA is to see if there is any difference between groups on some variable. SOV -source of variance, Df -degrees of freedom, Fv/Fm -maximum quantum yield of Photosystem II, ETR -electron transport rate, g s -stomatal conductance (mmol m -2 s -1 ), Y -quantum yield of electron transport through PS II, qP -photochemical quenching, q N -coeficient of non-photochemical quenching of variable luorescence, Φ PSII -quantum yield of PS II photochemistry. Ns -non-signiicant, * -p<0.05, ** -p<0.01. Drought stress leads to a considerable decrease in net photosynthetic rate, due to stomatal closure, which contains the diffusion of CO 2 into the leaf or nonstomatal factors, such as inhibition of Rubisco or ATP synthesis (20) . This condition may result in photoinhibition which is due to an imbalance between the rate of photodamage to PSII (D 1 protein) and the rate of the repair of damaged parts (22) . However, under severe drought stress, the capacity for repair of damaged parts becomes suboptimal and an irreversible inhibition of PSII can be detected through chlorophyll luorescence. Therefore it seems that F v /F m parameter could be considered as a useful parameter to evaluate the extent of photoinhibition of photosynthesis (21) .
The lowest F v /F m parameter in plants treated with ABA can be attributed to effects of these hormones on stomata closure. It seems that there is positive correlation between actual quantum yield of PSII electron transport and stomatal conductance (18) . Variance analysis of g s parameter revealed that the irrigation levels, phytohormone spraying and measurement stage was signiicant. Moreover, the interaction effect of cultivar× irrigation× phytohormone× measurement stage was signiicant at p<0.01 level ( Table 1 ). The highest g s parameter was recorded in cytokinin treated plants of Pishtaz cultivar under well watered condition during irst measurement stage ( Table 2 , 3, 4). However, mean comparison of g s parameter between the different irrigation levels showed that terminal drought stress could decrease this parameter up to 48%. Comparison of g s parameter between phytohormones indicated that exogenous application of cytokinin could increase this parameter up to 69% over to control. On the contrary, spraying of ABA could result in 38% reduction of g s when compared with control plant. Stomatal conductance plays an imperative role in the plant-atmosphere water exchange and signiicantly correlates with photosynthetic capacity. Stomatal closure is the earliest response to drought and the dominant limitation to photosynthesis at mild to moderate drought. g s has been introduced as a key parameter to assess limitations to photosynthesis and growth potential in barley genotypes (18) . Furthermore, when the relationships of g s with yield components and agronomic traits have been evaluated, there has been found a positive signiicant correlation between g s at early milky maturity period and grain numbers per spike (3). However, in parallel to stomatal limitation, advanced down-regulation Rubisco activity leads to decreased ribulose-1, 5-bisphosphate (RuBP) regeneration, which becomes the dominant limitation (non-stomata) at severe drought, and thereby signiicantly reduces CO 2 assimilation and consequently leads to an increase in chlorophyll luorescence (5) . This trend was conirmed by principle component analysis (PCA) analysis (Figure 1 ). In the present study, the PCA described a suitable amount of the total variation. The correlation coeficient between any two traits is approximated by the cosine of the angle between their vectors. In Figure 1 , the most Table 3 . Effect of different phytohormone spraying on chlorophyll parameters of bread wheat cultivars at different time intervals after treatment.
Values are given as means of three replicates. Figures not sharing the same letters in the same column differ signiicantly at p< 0.05. CK -Cytokinin (benzylaminopurine), ABA -Abscisic acid, Fv/Fm -maximum quantum yield of Photosystem II, ETR -electron transport rate, g s -stomatal conductance (mmol m -2 s -1 ), Y -quantum yield of electron transport through PS II, qP -photochemical quenching, q N -coeficient of non-photochemical quenching of variable luorescence, Φ PSII -quantum yield of PS II photochemistry. Pishtaz as relatively drought tolerant and Karaj3 as susceptible bread wheat genotypes were selected. CHLOROPHYLL prominent relations are: a strong positive association among g s , F v /F m , and Φ PSII as indicated by the small obtuse angles between their vectors (r=cos 0=+1). However, there was a negative correlation between g s and non-photochemical quenching of variable luorescence (q N ) (Figure 1) as indicated by the near perpendicular vectors (r=cos180=-1). It was also observed between g s and ETR. However, PCA revealed that there was not correlation between g s and qP as indicated by the near perpendicular vectors (r=cos90=0). Variance analysis of ETR parameter showed that exogenous application of phytohormone and measurement stage could signiicantly affect this parameter (P<0.01). In susceptible cultivar ETR parameter signiicantly was reduced by approaching to maturity stage, while in tolerant cultivar a reversed trend was recorded. In addition three way interaction of cutivar× phytohormone× measurement stage was statistically signiicant. The highest ETR parameter was recorded in ABA treated plant of Pishtaz cultivar during the irst measurement stage (Table 3 ). Our result indicated that terminal drought stress could not notably affect ETR parameter. This corroborates the result of Dani et al. (10) , who reported that ETR parameter was not affected by drought (50% FC) in Eucalypts seedling. The insensitivity of ETR to drought in both genotypes in this study suggests that the photosystems and the electron transport chain are not susceptible to terminal drought stress. A negative correlation was observed between ETR, g s , F v /F m and Φ PSII (Figure 1 ).
Photochemical quenching refers to a status in which excited chlorophylls pass their energy to another chlorophyll molecules and then excitation is gradually passed to the photochemical reaction centers (photosystem I and photosystem II) where energy is used in photosynthesis. Investigation of qP showed that effect of three way interaction of cutivar× irrigation× phytohormone was statistically signiicant (p<0.05). The highest value of qP was recorded in control plant of cv. Karaj3 under drought stress condition. However, q N refers to condition in which the excited state can return to the ground state by emitting the energy as heat. Variance analysis q N indicated that the main effect of cultivar and phytohormone was signiicant at p<0.05 level. Mean comparison of the cultivars showed that non-photochemical quenching of relatively drought tolerant (Pishtaz) was about one-third of susceptible cultivar (Karaj3). On the other hand, the foliar application ABA could signiicantly increase q N when ccompared with control. This increase can be attributed to stimulatory effect of this hormone in stomatal closure and this matter is partly conirmed by negative correlation between q N and g s (Figure 1) . However previous studies showed that plants exhibit lower photochemical quenching and potential photochemical yield under drought stress (6; 19) . The irst quinone acceptor (Q ‾ A ) reoxidized to Q A is reduced, which results in reduced electron transfer rate and increased photochemical quenching for heat dissipation. Result revealed that Φ PSII considerably reduced by terminal drought stress and exogenous application of ABA (Table 3, 4) . The highest Φ PSII parameter was recorded in cytokinin treated plants of cv. Pishtaze under well watered condition. Mean comparison of ΦPSII between the measurement stages showed that with approaching the maturity stage this parameter slightly increased. However, the indings of the current study do not support the results of Prokopová et al. (24) who reported that exogenous cytokinin application led to reductions in photosynthetic pigment contents and F v /F m , inhibition of electron transport and increased q N .
Variance analysis of Y parameter showed that the effect of measurement stage and interaction effect of cultivar× irrigation× phytohormone were signiicant at p<0.05 level (Table 1) . Terminal drought stress slightly reduced this parameter. The highest Y parameter was recorded in intact drought tolerant cultivar (not sprayed) under well watered condition and at second measurement stage. Actually this parameter refers to quantum yield of electron transport from Q A to Q B in PS II. According to our results, it seems that this part of the electron transport chain is not much sensitive to the investigated treatments. However, drought stress could negatively affect the eficiency of electron transfer and subsequently PSII inactivation reduces electron transport and CO 2 assimilation.The measurement of quantum eficiency, F v /F m , provides clear data on the effect of various environmental and biotic effects on the performance of photosynthesis in plants through the effect on photosystem II. Our result revealed that chlorophyll luorescence analysis should carry out at a time frame because most of the parameters greatly changed over time. CONCLUSIONS Present results indicate that between the evaluated parameters Fv/Fm, ETR and Φ PSII considerably responded to irrigation levels and measurement stages. In the current study the tolerant genotype showed signiicantly higher values of Fv/ Fm, g s and Φ PSII parameters under drought stress. These parameters can serve as useful markers for screening wheat genotypes and identifying drought-tolerant genotypes. Our result showed that ABA application signiicantly reduced the stomatal conductance and decreased photosynthetic system performance. It clearly was associated with an increase in non-photochemical quenching. On the contrary, spraying with cytokinin could signiicantly increase g s , Fv/Fm and Φ PSII . Also the principle component analysis (PCA) showed a high positive correlation between the three mentioned parameters. In this context, the Fv/Fm analysis and stomatal conductance are attractive tests because they allow one to monitor the photosynthetic performance and capacity to maintain a functional PSII after phytohormone application. Findings of this study are however, in need of reconirmation in order to identify suitable dose and critical stage of hormone spraying.
